-SiCNWs were synthesized by simple carbo-thermal process using silicon wafer and carbon powder only. The obtained -SiCNWs were short and thick with random distribution over Si wafer surface when rapid heating rate is applied. While -SiCNWs fabricated under low heating rate are 57.0±3.0 nm in average diameter and few millimeters in length. An ambient Ar gas flow rates were found to be critical in the growth yield of resultant -SiC nanowires. XRD diffraction patterns and FTIR spectrum reveals the composition structure of theses wires.
INTRODUCTION
Recently, one-dimensional (1D) nanostructures, such as tubes, wires, belts and rings, have stimulated intensive research interesting, because of their great potential for understanding basic issues about dimensionalities and space confined transport phenomena [1, 2] . As a wide band gap semiconducting material, silicon carbide (SiC) exhibits many excellent properties for high temperature, high frequency and high power applications [3] . SiC 1D nanostructures can be used in field emission display, nano-sensors and electro-devices [4] [5] [6] . Thus, in the last few years, much effort has been made to the synthesis of 1D SiC nanostructures. Recently, many techniques were demonstrated, including CNT-confined growth [7] , chemical vapor deposition (CVD) [8] [9] [10] , carbo-thermal [4, 11, 12] , polymeric precursor pyrolysis method [13] , laser ablation [14] and arc discharge [15] . However, most of these synthetic approaches involved complex processes and manipulations. Catalytic growth methods uses different materials like Ni [16] at T  1000 C, Fe at T  1250 C [17] . The usage of metal catalyst for nanowires growth makes it difficult to remove the resident catalyst after the synthetic process finished. On the other hand, it has been proposed that non-catalytic carbo-thermal technique can be used to fabricate centimeterscale ultra-long SiC nanowires at T  1250-1300 C and longer wires were founded when the carrier flowing gas kept at its lower value [18] . Latterly, a simulation study of Z. Li et al. [19] found that longer deposition time, i.e. less flow rate, increases the yield of grown SiCNWs. We reported in our previous study [20] the growth of -SiC nanowires but without studying the effects of the rapid heating rate and ambient gas flowrates on the morphology of the resultant nanowires. Therefore, In this article, a direct carbo-thermal technique was utilized to synthesize ultra-long -SiC nanowires at T  1200 C without catalyst as well as studying the effects of rapid heating and Ar flow rates on the yield of grown -SiC nanowires. The detailed characterizations on the resulting nanostructures were carried out by field-emission scanning electron microscopy (FESEM), energy-dispersed X-ray spectroscopy (EDX), X-ray diffraction (XRD) and fourier transform infrared spectroscopy (FTIR).
EXPERIMENT SETUP
A (2  1) cm Si (100) substrates with a resistivity of 5.15 Ωcm -2 were ultrasonically cleaned in acetone for 5 minutes. Then the substrates were dried in air. After that, the substrate was loaded into the middle of a 2.2 cm-inner diameter quartz tube (Lianyungang Lanno Quartz Co., Ltd.) placed at the center of a horizontal tube furnace (Lindberg/Blue M, STF54233c). Carbon powder (2 g) on a porcelain boat was mounted 2 cm before the silicon substrate as shown in Fig. 1 . The argon (99.999 %) gas was then flushed inside the quartz tube and kept at 10 standard cubic centimeters per minute (sccm) or as required. The temperature was then raised up to 1200 ºC at a heating rate of 1.2 ºC/s and kept unchanged. 
RESULT AND DISCUSSIONS

Effect of Rapid Heating Rate on the Growth of -SiCNWs
In this experiment, the furnace was first heated up to 1200 C and a carbon boat and prepared substrates were loaded directly into the middle of the furnace. The substrate was placed 2 cm apart from the carbon boat. After that, the system was vacuumed and followed by Ar gas for one hour. After cooling down to room temperature, samples were taken for characterization. The obtained -SiC nanowires were distributed in bundles, randomly over the substrate surface and the nanowires are not aligned as can be seen in Fig. 2 (a-c) . EDX spectrum in Fig. 2 (d) reveals that nanowires in Fig. 2(c) consist of carbon, oxygen and silicon with different weight percentages. In Fig. 2 (c) the crowded wires are grown in different directions but originated from same point. These wires are short and thick with 25  1 m and 120  2 nm in average length and diameter respectively. The formation of such unique morphology is not well under stood, and it will be discussed in the growth mechanism part. The X-ray radiation of copper with a wavelength of 1.5418 Å is utilized for crystal X-ray diffraction. The XRD spectrum shown in Fig. 3 shows four high intensity peaks, corresponding predominantly to the -SiC nanowires zincblende unit cell crystals with planes of (111), (200), (220) and (311) at 2θ  35.75, 41.5, 60.1 and 72.0 respectively. The first strong intensity peak of (111) followed by (220), (311) and finally there are small intense comes from (200) planes. Moreover, thinner XRD peak shows the purity of obtained crystal material with large size. The crystallite size and lattice strain can be revealed in inset table in Fig. 3 . These measurements of the -SiC nanowires with cubic structure crystals were measured for four planes by using Scherrer [21] and lattice strain equations [22] .
Effect of Argon Flowrate on the Growth of
Ultra-long -SiCNWs
The FESEM images in Fig. 4 show -SiC nanowires synthesized at 1200 C under different Ar gas flowrates and deposited for 1 h. In this experiment the heating rate was kept unchanged at 1.2 °C/S. Fig. 4(a) shows silicon wafer surface covered with long and less dense -SiCNWs (≈ 50 % in yield). These wires were grown under Ar gas with flowrate of 40 sccm. While in Fig. 4(b) the synthesis process was carried under 30 sccm flowrate and the grown -SiCNWs seem to be denser (≈ 70 % in yield). As the flow rate decreases to 20 and 10 sccm, the resultant growth yield increases (≈ 100 %) as it revealed in Fig. 4 (c and d) respectively. After scratched out -SiCNWs from the samples surfaces of three synthetic trails, the collected -SiCNWs powder is about 1.01g. This mass quantity seems to be good in nano-synthesis processes area. In Fig. 4(d) ultralong -SiC nanowires are typically few millimeters and 57.0  3.0 nm in average length and diameter respectively. The -SiC nanowires lengths and diameters distribution can be revealed in Fig. 4 (e and f) .
The effect of Ar gas flowrate on the growth of -SiC nanowires can be explained as follows. There are no other sources of silicon other than the substrate itself inside the CVD system; therefore we suggest that silicon monoxide (SiO) gas will start to evaporate form the substrate surface at high temperatures (950-1200 °C) and works as the main source of growth precursors.
The chemical reaction that produces SiO in gas form involves carbo-thermal reactions occurs with oxide thin layer of the silicon substrate (SiO2) [23, 24] . This leads to suggest that the argon gas flowrate affect the residence time of SiO gas over the substrate. Therefore, when the flow rate of the argon gas is high, the residence time of SiO gas inside the chamber is very low, which reduces the growth yield. Therefore to highlight this effect of Ar flowrate on the final results we need to generalize all growth steps starting with burning graphite at the first stage. When temperature rises gradually, the carbon monoxide (CO(g)) is generated due to the oxidation of carbon as in equation (1) inside Fig. 5 . At the same time and at temperatures more than 950 C, SiO vapour is produced from oxide layer as in equation (2) Reaction (4) inside Fig. 5 recycles the process by releasing CO again. So CO plays a key role in the whole reaction process. As soon as the feedback current occurs, the CO vapour is synthesized continuously. owires by oxygen assisted growth mechanism (OAG) [25] , because in the free catalytic growth, the process is governed by oxygen to make the availability of growth species in gas form. When these species reach the substrate surface they react by forming nucleation seed (white dome), which was deposited on the surface due to temperature fluctuations and anchored to the silicon surface atoms as in Fig. 5(a) and with more precursors condensation, SiC nanowires start to evolve and make 1D growth, see Fig. 5(b) . The length and diameter of the evolving wire depends on the availability of the growth species, which is controlled by both the heating temperature and Ar carrier gas flow-rates. At high heating rate, fast oxidation rate of carbon in the porcelain boat may reduce the CO gas inside the CVD chamber and hence eliminates the reaction with silicon surface as presented in equation (2) inside Fig. 5 . This will form short and thicker nanowires as illustrated in Exp. 1 inside Fig. 5 . In Exp. 2 inside Fig. 5(c-d) , low heating rate experiment generates more SiO vapour at low flow-rate and hence, long -SiC nanowires were achieved. In this experiment, some carbon powder is left on the boat, therefore, we believe that when no SiO gas within chamber no nanowires would evolve. over three silicon wafers at 2, 4 and 6 cm apart from the carbon powder were scratched and collected separately. Then, a portion of 0.1 % of each sample was mixed with KBr and pressed into three pellets. IR measurements were performed in the range of 600 to 1000 cm -1 .
FTIR spectrum in Fig. 6 represents sharp transmitted peaks of -SiCNWs samples fabricated at 2, 4 and 6 cm under 10 sccm of Ar flowrate and deposited with 1200 ºC for 1 h. A transmitted peak at 798 cm -1 for sample located at 2 cm location indicates the transversal optic (TO) mode of Si-C stretching vibrations [26] . Also, the other two peaks of 810 and 820 cm -1 at locations 4 and 6 centimeters are referred to the same stretching vibration mode [27] . The peak at 820 cm -1 is less intense when sample at 6 cm, further distance, than the peaks taken from samples at 2 and 4 cm respectively. This indicates that tens wires can be synthesized at closer distances from the carbon powder and this is due to the existence of high concentration of CO and CO2 gases as explained in growth mechanism part. Also, These peaks show significant asymmetry due to the polycrystalline nature of the SiC nanowires.
CONCLUSION
The -SiC nanowires were successfully fabricated using simple carbo-thermal evaporation process. High heating rate produces short and thick wires while low heating rate at 1.2 C/S produces ultra-long wires. Also, as the Ar flowrate gas inside heating chamber reduced, denser nanowires were obtained. The grown wires are poly crystalline reveals diffracted crystal planes of -SiC (111) (200), (220) and (311). FTIR transmitted peaks at 798, 810 and 820 cm -1 are referred to the transversal optic (TO) of Si-C stretching vibration mode.
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